We sought to determine the expression of molecular markers in an animal model of cholangiocarcinoma compared with those in human cholangiocarcinoma. Summary Background Data: Cholangiocarcinoma is a rare disease characterized by early intrahepatic and extrahepatic spread, which seriously limits the efficacy of surgery. Establishing an experimental model to study the cholangiocarcinogenesis is desirable. Methods: Sprague-Dawley rats weighing 300 Ϯ 50 g were used for the study group. The animals were given 0.3% thioacetamide in tap water continuously. Thirty mass-forming peripheral cholangiocarcinoma patients also were studied. Expression of epidermal growth factor receptor (EGFR), MUC1, MUC2, MUC5AC, MMP-2, MMP-9, and p53 in both human and experimental rat cholangiocarcinoma was examined using immunohistochemistry. Results: Using thioacetamide 0.3% as a hepatoxin to induce cholangiocarcinoma in rats, microfoci of cancerous cells were detected from 12 weeks, and all experimental rats displayed diffuse massforming cholangiocarcinoma after 24 weeks. EGFR was strongly expressed in 14 (47%) of 30 human cholangiocarcinoms and 24 (100%) of 24 rat cholangiocarcinomas, respectively. MUC1 was strongly expressed in all human and rat cholangiocarcinomas, whereas MUC2 and MUC5AC were focally and weakly expressed. MMP-2 and MMP-9 were strongly expressed in 22 (73%) of 30 human cholangiocarcinomas and 24 (100%) of 24 rat cholangiocarcinomas, respectively. p53 overexpression was detected in 9 (30%) of 30 human cholangiocarcinoma and none of the rat cholangiocarcinoma, respectively. Conclusions: The expression of EGFR, apomucins, MMPs, and p53 in rat cholangiocarcinoma was strongly homologous to human cholangiocarcinoma. Thioacetamide-induced cholangiocarcinoma in rats provides an excellent model for investigating cholangiocarcinogenesis in vivo.
T he incidence of intrahepatic cholangiocarcinoma is approximately 10% of primary liver cancers. The endemic area of cholangiocarcinoma is Southeast Asia, including Taiwan. [1] [2] [3] [4] [5] Early hematogenous and lymphatic extrahepatic spread seriously limit the efficacy of surgery. The 5-year survival of cholangiocarcinoma patients after a curative resection is less than 30%. 6 Although several studies have examined mutations of oncogenes and tumor suppressor genes in intrahepatic cholangiocarcinoma, the mechanism of cancer cells development and invasion remains unclear. Therefore, establishing an experimental model to extensively study cholangiocarcinogenesis is desirable.
This study presents an animal model of thioacetamide (CH 3 CSNH 2 )-induced intrahepatic cholangiocarcinoma in rats, as previously reported. 7, 8 Using this animal model, we systematically investigate the similarity of various protooncogenes and tumor suppressor gene between cholangiocarcinoma in experimental animals and humans.
MATERIALS AND METHODS

Patients
Thirty patients with mass-forming peripheral cholangiocarcinoma who had undergone curative hepatectomy were studied. Patients diagnosed with either periductal infiltrating cholangiocarcinoma or intraductal papillary tumor of the liver (IPNL) 9 were excluded. Of the 30 cases of cholangiocarcinoma, 26 were histologically adenocarcinoma while the remaining 4 were adenosquamous carcinoma.
Animals
Sprague-Dawley rats weighing 300 Ϯ 50 g were used in this study. The animals were fed a laboratory diet and water ad libitum. The animals were administered 0.3% thioacetamide in tap water continuously until sacrifice. Three experimental rats and 1 sham rat were sacrificed every 2 weeks during the study. The hepatic tissues were removed from the animals and processed for histology and protein study.
Immunohistochemical Stainings for Epidermal Growth Factor Receptor (EGFR), MUC1, MUC2, MUC5AC, MMP-2, MMP-9, and p53
Formalin-fixed, paraffin-embedded tissues, either from human or rat specimen, were cut into 4-m sections and mounted on glu-coated slides. A modification of the avidinbiotin-peroxidase complex immunohistochemical method was performed. Slides were heated at 60°C for 60 minutes, then deparaffinized in xylene, and rehydrated in graded alcohols. Endogenous peroxidase was blocked by incubation in 0.3% hydrogen peroxidase in methanol, and slides were rehydrated and washed in phosphate-buffered saline (PBS), pH 7.4 for 15 minutes. Sections were then blocked with 10% normal goat serum in PBS with 1% bovine serum albumin for 15 minutes. The blocking serum was decanted and various primary antibodies (EGF-R, 1:200, monoclonal, mouse, antihuman, clone BC04, DAKO; MUC1, 1: 50, monoclonal, Novocastra, Newcastle upon Tyne, UK; MUC2, 1: 100, monoclonal, Novocastra; MUC5AC, 1: 50, Novocastra; MMP-2, 1:100, Zymed, South San Francisco, CA; MMP-9, 1:40, Novocastra; p53, 1:50, DAKO, Denmark) were applied, respectively, in PBS with 1% bovine serum albumin for 16 hours at 4°C. Slides were washed in PBS with 1% Tween 20 for 10 minutes. After 3 PBS rinses, biotinylated goat antirabbit immunoglobulin (Vector Labs, Burlingame, CA) at a dilution of 1/500 was applied for 30 minutes at room temperature. Following another PBS rinse, avidin DH: biotinylated horseradish peroxidase complex (Vector Labs) was applied for 30 minutes. After a final PBS rinse, the tissue sections were reacted with 0.06% diaminobenzidine (Sigma Chemical Co.) for 5 minutes, rinsed, counter-stained with hematoxylin, dehydrated with graded alcohols, cleared xylene, and coverslipped with permount.
Interpretation of EGFR, MUC1, MUC2, and MUC5AC, MMP-2, MMP-9, and p53 proteins was performed using a scale -(negative), ϩ (weakly positive), ϩϩ (moderately positive), and ϩϩϩ (strongly positive) first, taking into account the percentage of stained cells and the intensity of staining. Then, those with scale -or ϩ were stratified as immuno-negative; whereas those with scale ϩϩ or ϩϩϩ were stratified as immunopositive.
RESULTS
Using thioacetamide 0.3% as a hepatoxin to induce cholangiocarcinoma in SD rats, the following experimental results were obtained: microfoci of cancerous cells were detected from 12 weeks, while multiple whitish tumors were identified grossly from 16 weeks ( Fig. 1) , moreover, all experimental rats displayed diffuse mass-forming cholangiocarcinoma after 24 weeks. The mortality rate of experimental rats fed thioacetamide (0.3%) before 26 weeks approached zero.
EGFR, MUC1, MUC2, MUC5AC, MMP-2, MMP-9, and p53 expression in rat and human cholangiocarcinoma was tabulated (Table 1) . Briefly, EGFR was strongly expressed in 14 (47%) of 30 human cholangiocarcinoms, and 24 (100%)of 24 rat cholangiocarcinomas, respectively (Fig. 2) . Additionaly, MUC1 was strongly expressed in all human and rat cholangiocarcinomas, while MUC2 and MUC5AC were focally and weakly expressed ( Fig. 3 ). Moreover, MMP-2 and MMP-9 were strongly expressed in 22 (73%) of 30 human cholangiocarcinomas and 24 (100%) of 24 rat cholangiocarcinomas, respectively ( Fig. 4 ). Finally, p53 was overexpressed in 9 (30%) of 30 human cholangiocarcinoma, with 4 adenosquamous carcinoma and 5 adenocarcinoma exhibiting p53 overexpression, while none of the rat cholangiocarcinomas displayed p53 overexpression ( Fig. 5 ).
DISCUSSION
Human cholangiocarcinoma essentially can be divided into mass-forming, periductal infiltrating, and the intraductal type. 6 Most peripheral cholangicarcinomas belong to the mass-forming type. The experimental animals fed thioacetamide (0.3%) here consistently developed diffuse mass-forming cholangiocarcinoma with moderate-poor differentiation. Notably, a minimal mortality rate during experimental study could be obtained. Most importantly, this study observed the entire cholangiiocarcinogenesis process from dysplasia (the precursor of the cancer) to the advanced cancerous stage.
Neoplasm formation is initiated and stimulated by hormones and growth factors. Epidermal growth factor (EGF), one of the polypeptide growth factors, stimulates proliferation and differentiation of various cell types. The effects of EGF are mediated through its specific cell-surface receptor (EGFR), which is a glycoprotein with a molecular weight of 170 kDa. 10 EGFR has certain structural similarities to the avian erythroblastosis virus v-erb-B transforming protein (ERBB). 11 The receptor comprises an external binding domain, a transmembrane region and an intracellular domain exhibiting tyrosine kinase function. In response to EGF, the receptor kinase phosphorylates intracellular substrate, after which the mitogenic signal is initiated. 11 Although the molecular pathogenesis of cholangiocarcinoma remains poorly understood, increasing evidence exists that overexpression of protooncogene-encoded receptor tyrosine kinase ERBB-2 together with upregulation of cyclooxygenase-2 (COX-2) may be important to cholangiocarcinogenesis. 12, 13 The present study found EGFR expression in 100% of rat cholangiocarcinomas and 47% of human cholangiocarcinoma, respectively. Significantly, EGFR was expressed in 2 of 3 rats fed thioacetamide for 10 weeks, with bile ductule proliferation with cellular dysplasia being noted in both cases. Thus, EGFR appears to be an important protooncogene for cholangiocarcinogenesis. From these observations, combined targeting of EGFR and COX-2, in addition to other conventional chemotherapeutic agents, appears to have therapeutic potential for human cholangiocarcinoma. Mucins are high molecular weight glycoproteins with O-linked oligosaccharides attached to the serine or threonine residues of the apomucin protein backbone. 14 Fourteen MUC genes have been identified to date. Malignant transformation of epithelial cells was generally associated with the abnormal glycosylation of MUCs. [15] [16] [17] Yonezawa et al showed high MUC1 expression in invasive cholangiocarcinoma, which has a poor prognosis, but rare MUC1 expression in biliary cytstadenocarcinoma, which has a favorable prognosis. Conversely, MUC2 is rarely expressed in invasive cholangiocarcinoma, but is expressed in cystadenocarcinoma. 16, 17 From the morphologic perspective, Suh et al showed that MUC1 was expressed in all 3 morphologic types; whereas MUC2 was highly expressed only in intraductal growth type and was never expressed in the mass-forming or periductal infiltrating type. 18 The present study confirmed some of the above results, namely that MUC1 but not MUC2 is strongly expressed in mass-forming cholangiocarcinoma; furthermore, this study showed that MUC5AC, which is a gastric-type mucin, also was not expressed in mass-forming cholangiocarcinoma.
Both invasion and neovascularization of neogrowths require extracellular matrix breakdown and the subsequent migration of cells through the degraded structures. Because extracellular matrix remodeling is the major activity of a family of enzymes known as matrix metalloproteinases 
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Annals of Surgery • Volume 240, Number 1, July 2004 (MMPs), these enzymes have come under investigation for their contributions to the malignant phenotype. The MMP family currently has 23 known members, which are subdivided according to their structures and substrate specificities into membrane-type matrix metalloproteinases (MT-MMPs), collagenases, stromelysins and gelatinases. 19 -21 Excessive tissue destruction occurs when MMP activity goes unchecked, leading to a myriad of pathologic states including tumor invasion and metastasis. Among the MMP family, MMP-2 and MMP-9 were found to be expressed in 45% (5 of 11) and 27% (3 of 11) of human cholangiocarcinoma in an immunohistochemistry based survey by Terada et al 22 Moreover, another study by Shirabe et al detected MMP-9 in 43% (16 of 37) of human cholangiocarcinoma. 23 Additionally, Shirabe et al showed that MMP-9 in cholangiocarcinoma was a prognostic factor related to lymph node metastasis. The present study found that MMP-2 and MMP-9 were expressed in 73% of human cholangiocarcinoma, exceeding the levels of expression other' investigations. 22, 23 Unexpectedly, MMP-2 and MMP-9 were expressed in all stages of rat cholangiocarcinomas, from as early as 12 weeks. Inactivation of p53 caused by missense mutations or interaction with oncogenic viral proteins allows progression through the cell cycle without a physiological checkpoint, resulting a selective growth advantage for cancer cells. 24, 25 The majority of p53 gene mutations, abolishing the tumor suppressor activity, lead to its accumulation in tumor cells that can be detected by immunohistochemical method. 26 It is generally accepted that p53 gene alteration play a key role in late-stage events of tumor pathogenesis. The reported frequencies of p53 overexpression in cholangiocarcinoma vary from 19% to 58%. 26 -30 Ohashi et al showed that p53overexpression was detected in 19% (4 of 21) of cholangiocarcinoma cases, and p53 overexpression showed no clear association with gross appearance. 30 From the present data, p53 overexpression was prevalent in adenosquamous carcinoma (4 of 4) of human cholangiocarcinoma; whereas p53 overexpression was detected in only 19% (5 of 26) of cases of adenocarcinoma, indicating that most human cholangiocarcinomas might progress along a p53-independent pathway. Interestingly, no rat cholangiocarcinomas, which universally present as moderate-poorly differentiated adenocarcinoma, displayed p53 overexpression even in the very advanced stage (eg, 26 weeks), an observation that resemlbes to most human cholangiocarcinoma.
In conclusion, this study presented an animal model of mass-forming peripheral cholangiocarcinoma, and the model exhibited the advantages of convenience, cheapness, minimal mortality, and consistency. Investigating EGFR, apomucin, MMPs, and p53 revealed extremely homologous expression of these molecular markers in human and rat cholangiocarcinoma. Therefore, this study recommends thioacetamide-induced cholangiocarcinoma in rats as an excellent model for studying cholangiocarcinogenesis in vivo.
